Current limitation
The fact of carrying out the pulses at controlled current is a key issue for the homogeneity of the 3D template along the cross plane direction. Firstly, because in this way we avoid the decrease of the current of pulses as the pores becomes longer and longer (which is probably related to ion diffusion through longitudinal pores). Hence, in this way, every single pulse in our method is equal to the previous pulses. Secondly, because we experimentally observed that if a voltage-controlled pulse is applied, the reached current is quite high, which induces the periodic heating up of the system, which end up in a slight widening of pores as a consequence of each pulse. This 
Spectroscopic ellipsometry
The optical constants of four different samples have been extracted by means of spectroscopic ellipsometry. The final aim of the measurements was to obtain the porosity of the HA layer as well as the porosity of MA layers once the transversal nanochannels were already formed. Therefore, a set of samples was prepared specifically for this experiment, consisting of the different layers that form the final 3D
AAO. The first one was an aluminum substrate in which only a non-porous alumina barrier layer was grown. This was achieved by a common two-step anodization process [20] in which the second anodization step was interrupted exactly when the currenttime curve reached the minimum value. The obtained data was fitted to a two-layer model and the optical parameters of both the substrate and the barrier layer were thus fixed. Then, a second sample with longitudinal pores was fabricated (the 2 nd anodization time was 15 min). These longitudinal nanopores were then widened up to 40 nm in diameter. The structure was simulated with the same aluminium substrate and barrier layer used before, plus a new layer simulated with an effective medium theory that consisted of a certain percentage of alumina and a certain percentage of air. From the fitting of the data we obtained a porosity of this region of 40% and a length of 0.78 μm.
The third sample consisted of the same aluminium substrate, barrier layer and longitudinal pores of around 0.5 μm length, plus a HA layer of around 60 nm in thickness, see Supplementary Figure 5 for a sketch. The data was fixed with a four-layer model, which consisted of the same substrate, barrier layer, the 40% porosity layer obtained before of 515 nm thickness and a new layer with a porosity of 80% and 60 nm length. The last sample was fabricated in such a way that the broadened layer was located in the middle of the porous alumina, and the ellipsometric data was fixed with a five-layer model that took the fundamental parameters from the previous fittings. Then, the obtained porosity for the normal porous alumina was of 40% and the broadened layer was fixed with a 75% porosity, see data a fitting in Supplementary Figure 6 .
